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Sclerostin (Sost) is a negative regulator of bone formation that is
associated genetically to sclerosteosis and van Buchem disease; two
rare skeletal dysplasias characterized by generalized increased bone
density. Sostdc1 (aka Sostl, USAG-1, Wise, ectodin) is a paralog of
Sost, and loss of Sostdc1 has been shown to cause supernumerary
tooth development. Both proteins are secreted cysteine knot proteins
that function as antagonists of both BMP andWNT signaling. We have
recently shown that overexpression of human SOST causes dosage-
dependent loss of distal posterior skeletal elements, resulting from
altered FGF, WNT, and SHH signaling during the patterning of the
limb bud. Sostdc1 was shown by others to similarly affect FGF and
SHH signaling in the developing tooth bud, and has been shown to
antagonize LRP receptors, suggesting that Sostdc1 may antagonize
similar pathways as Sost, in vivo. Sost knockout mice display low
penetrance (~5% of KOs) limb defects consistent with the soft-tissue
syndactyly, nail dysplasia, and radial deviation that occasionally
occurs in sclerosteosis patients; while Sostdc1 knockouts show no
limb defects. Here we show that Sost; Sostdc1 double mutant mice
exhibit fully penetrant preaxial polydactyly, a common limb-
associated birth defect characterized by extra digit(s) in the anterior
autopod which is often caused by ectopic sonic hedgehog (Shh)
expression in the anterior limb bud. Sost and Sostdc1 are expressed in
complementary yet nonoverlaping domains, where their combined
domains cover most of the ectoderm and mesenchyme of the
developing limb bud, prior to cartilage condensation. Through a
combination of skeletal stains and in situ hybridization here we show
that WNT signaling functions upstream of Shh to restrict Shh
expression in the posterior limb. Through the release of Lrp5/6
receptor inhibition from Sost and Sostdc1 WNT antagonists expressed
in the ectoderm and mesenchyme, hyperactive WNT signaling
ectopically activates Shh in the anterior limb bud to transform digit
1 morphology. This work performed under the auspices of the U.S.
Department of Energy by Lawrence Livermore National Laboratory
under Contract DE-AC52-07NA27344.
doi:10.1016/j.ydbio.2011.05.513
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Imprinting analysis in the acrodysplasia region of mouse
chromosome 12
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The insertional mouse mutation Acrodysplasia (Aidp) confers a
parent-of-origin developmental phenotype, with animals inheriting
the mutation from their father showing skeletal abnormalities, while
those inheriting the mutation from their mother are normal. This
parental-specific phenotype, along with mapping of the insertion to a
region of chromosome 12 proposed to contain imprinted genes,
suggested that disruption of genomic imprinting might underlie the
Adp phenotype. Genomic imprinting is the process by which
autosomal genes are epigenetically silenced on one of the two
parental alleles; imprinting mutation phenotypes manifest after
inheritance from one parent but not the other. Imprinted genes
typically occur in dense clusters that contain few nonimprinted
genes, and therefore assaying representative genes from the Adp
critical region might identify any imprinted domains. Fourteen genes
spaced across the Adp region were analyzed for imprinting, but all
were found to be biallelically expressed. Other explanations must
therefore be considered for the parent-of-origin Adp phenotype.
doi:10.1016/j.ydbio.2011.05.514
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Tendons play a key role in the musculoskeletal system, connecting
muscle to bone, and transmitting the force for body movement.
Tendon injuries are common, and, due to their avascular nature,
difficult to repair. In particular, the insertion site, once damaged, is
not replaced. A major effort is being made by tissue engineers to grow
replacement tendon tissue. However, without a detailed under-
standing of the normal pathway of differentiation, this is difficult to
do. Here we use the mouse patella tendon as a model for tendon
differentiation. We describe the spatial and temporal pattern of
expression of molecular markers of tenocyte differentiation, and the
spatio-temporal pattern of expression of some of the major signaling
pathways, during a period from late fetal life to two weeks after birth,
the period of patella tendon differentiation in the mouse. We identify
molecular markers of the insertion site, as well as the whole tendon,
and signaling pathways that are activated either throughout the
developing tendon or specifically in the insertion site. Using a mouse
line in which all tenocytes express the reporter GFP, we also assay the
timing of cell proliferation of the tenocyte population during this
period. These data open the way for functional analysis of specific
signaling pathways in the control of tenocyte proliferation and
differentiation, both throughout the tendon, as well as specifically in
the insertion site. They will also allow the testing of the signaling
pathways to tissue engineering studies in vitro.
doi:10.1016/j.ydbio.2011.05.515
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Gbx2 encodes a DNA-binding transcription factor that plays pivotal
roles in patterning the vertebrate neural tube. Loss-of-function and
overexpression studies in several vertebrate species have demon-
strated a requirement of Gbx2 for anterior hindbrain and inner ear
morphogenesis. However, relatively little is known about its mechan-
ism of action. The aim of the present study was to use chromatin
immunoprecipitation coupled with direct sequencing (ChIP-Seq)
analysis to identify cis-regulatory elements bound by GBX2 to provide
insight into its direct downstream targets. The analysis has revealed a
number of statistically significant candidate target genes of GBX2.
Three of which, Protocadherin 15 (PCDH15), Usherin (USH2A) and
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NOTCH2, are expressed in the inner ear. Interestingly, PCDH15 and
USH2A are associated with multiple subtypes of Usher syndrome, the
most common form of deaf-blindness in the United States and are
necessary structurally and functionally for development of the inner
ear and eye. Similarly, Notch signaling is necessary for normal
development of sensory organs in the inner ear. Consistent with our
bioinformatics analysis, we determined through gel shift analyses that
the sequences identified within genes encoding PCDH15, USH2A and
NOTCH2, are directly bound by GBX2. In addition, we show through
RT-PCR analysis that all three genes are co-expressed with Gbx2 in
cochlear and vestibular tissue during inner ear development. Together,
these results suggest that an important function of GBX2 in inner ear
development is transcriptional regulation of Pcdh15 and Ush2a
activities.
doi:10.1016/j.ydbio.2011.05.516
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FOG-2 is a multi-zinc finger protein that binds GATA4 and
modulates GATA4-mediated transcriptional control of target genes
during heart development. Our previous work has demonstrated that
the Nucleosome Remodeling and Deacetylase (NuRD) complex
physically interacts with FOG-2 and is necessary for FOG-2 mediated
repression of GATA4 activity in vitro. In this report, we describe the
generation and characterization of mice homozygous for a mutation
that disrupts FOG-2/NuRD complex interaction (FOG-2R3K5A). These
mice exhibit a perinatal lethality and have multiple cardiac
malformations, including a ventricular septal defect and a thin
ventricular myocardium. To characterize the hearts of these mice
further, we measured the rate of cardiocyte apoptosis and prolifera-
tion in wild-type and FOG-2R3K5A mice. We found no significant
difference in the rate of cardiocyte apoptosis between wild-type and
FOG-2R3K5A mice. However, cardiocyte proliferation was reduced by
34.1% in FOG-2R3K5A mice. Interestingly, we found by gene
expression analysis that the cell cycle inhibitor p21 is up-regulated
1.7-fold in FOG-2R3K5A hearts. Further, we demonstrate that FOG-2
can directly repress the activity of the p21 gene promoter using an in
vitro transient transfection assay. In addition, chromatin immuno-
precipitation (ChIP) reveals that the MTA2 subunit of the NuRD
complex is bound to the p21 promoter in embryonic day 14.5 hearts.
Taken together, our results suggest the FOG-2/NuRD interaction is
required for cardiocyte proliferation by specifically down-regulating
the cell cycle inhibitor p21 during heart development.
doi:10.1016/j.ydbio.2011.05.517
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BMP2 is a morphogen that controls cell differentiation and
behavior. For example, BMP2 concentration controls the differentia-
tion of mesenchymal precursors into myocytes, adipocytes, chon-
drocytes, and osteoblasts. The regulatory mechanisms by which
essential morphogens are kept off in certain tissues are as important
as those that induce them. Sequences within the 3′untranslated
region (UTR) of the BMP2 mRNA mediate a post-transcriptional block
of protein synthesis in some cells. Interaction of cell and develop-
mental stage-specific trans-regulatory factors with the 3′UTR is a
nimble and versatile mechanism for modulating this potent morpho-
gen in different cell types. A sequence in the 3′UTR, which has been
conserved between mammals and fishes, functions independently of
promoter, coding region, and 3′UTR context in primary and
immortalized tissue culture cells. These findings indicate that the
ultra-conserved sequence is an autonomously functioning post-
transcriptional element that may be used to modulate the level of
BMP2 and other proteins while retaining tissue specific regulatory
elements. Cre-lox mediated deletion of the ultra-conserved sequence
or premature polyadenylation abrogated reporter gene repression in
the lung, aorta, and coronary vasculature and confirmed the
importance of the 3′UTR in controlling BMP2. We also will present
data regarding protein (nucleolin) and microRNA (34b, 34c, 486, 633)
repressors of BMP2 expression. 3′UTR-mediated mechanisms that
restrain BMP2 synthesis are relevant to congenital heart and
vasculature malformations and to adult diseases involving aberrant
BMP2 synthesis.
doi:10.1016/j.ydbio.2011.05.518
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The current working hypothesis is that activin/nodal signaling is
mediated primarily by FoxH1 transcription factor, which interacts
with Smad2/4 to activate the transcription of target genes. To provide
a comprehensive understanding of the activin/nodal signaling
mechanism, high-throughput sequencing approaches were employed
and the roles of FoxH1.1 (maternal) and FoxH1.2 (zygotic) examined
in Xenopus tropicalis. We find that FoxH1.1 and FoxH1.2 control the
expression of many, but not all genes regulated by activin/nodal
signaling, and suggest that FoxH1.1 functions as both an activator and
a repressor to regulate gene expression. Interestingly, the expression
of both FoxH1.1 and FoxH1.2 is subjected to a negative feedback loop
regulation by FoxH1 protein itself. We examined the effect of FoxH1.2
on the transcriptional activation of target genes among different
individual embryos and detected significant fluctuations of the target
gene expression among FoxH1.2 morpholino depleted individuals.
However, the similar fluctuation was not detected among undis-
turbed embryos. We will discuss the model by which negative
feedback loops control the fluctuation and noise of gene expression to
regulate cellular responses.
doi:10.1016/j.ydbio.2011.05.519
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Cooperative repression is essential to interpret the
Hedgehog gradient
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